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(67)  Afluid generating device and an electric appa-
ratus utilizing the fluid generating device are provided.
The fluid generating device includes a motor (10) and an
impeller (100) driven by the motor. The motor (10) is a
single phase direct current brushless motor which in-
cludes a stator (20) and a rotor (50). The stator (20) in-
cludes a stator core (30) and a stator winding (39). The
stator core (30) includes an outer ring portion (31), teeth
(33) extending inwardly from the outer ring portion (31),
a pole shoe (35) formed at the tooth (33). Slot openings
(37) are formed between the pole shoes (35). The rotor
(50) is received in a receiving chamber defined by the
pole shoes (35). Inner surfaces of the pole shoes (35)
and therotor (50) form therebetween a substantially even
air gap. The presence of even air gap can reduce the
cogging torque of the motor (10), thus reducing the star-
tup current and noise of the motor (10).

FLUID GENERATING DEVICE AND ELECTRIC APPARATUS USING THE SAME
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to motors, and in
particular to a fluid generating device which can be used
in vacuum cleaners, hand dryers, hair dryers, air blower,
or the like.

BACKGROUND OF THE INVENTION

[0002] Existing fluid generating devices are usually
powered by a three phase motor. The three phase motor
has a higher cost than the single phase brushless motor.
However, the single phase motor has the problem of star-
tup failure due to dead point. In order to avoid the dead
point, the air gap between the stator and rotor of the single
phase brushless motor is usually an uneven gap. How-
ever, the motor with uneven air gap usually has an unduly
large cogging torque and hence large noise.

[0003] The present invention aims to provide a fluid
generating device which can overcome the above prob-
lems.

SUMMARY OF THE INVENTION

[0004] Thus, there is a desire for a fluid generating de-
vice with reduced cogging torque.

[0005] In one aspect, a fluid generating device is pro-
vided which includes a single phase motor comprising a
stator comprising a stator core and a stator winding
wound around the stator core, the stator core comprising
a yoke, a plurality of teeth extending inwardly from the
yoke, a pole face formed at a distal end of each of the
teeth and extending along a circumferential direction of
the motor; a rotor rotatable relative to the stator, the rotor
being received in a receiving chamber surrounded by the
pole faces, the rotor comprising a plurality of magnetic
poles confronting the pole faces of the stator, outer sur-
faces of the magnetic poles of the rotor and the pole faces
of the stator being coaxial with each other to thereby form
there between a substantially even air gap; and an im-
peller being driven by the rotor to generate a fluid flow.
[0006] Preferably, the pole faces of adjacent teeth are
separated by a slot opening, and the slot opening has a
width less than or equal to fourth times of a thickness of
the air gap.

[0007] Preferably, each tooth comprises a tooth body
extending from the yoke and a pair of pole shoes extend-
ing respectively from a distal end of the tooth body in two
opposite circumferential directions of the rotor.

[0008] Preferably, the pole shoe has a radial thickness
gradually decreasing in a direction away from the tooth
body.

[0009] Preferably, the pole shoes of adjacent teeth are
separated from each other by a slot opening or connected
together by a magnetic bridge, the slot opening or mag-
netic bridge is offset from a symmetrical center between
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the two adjacent teeth bodies.

[0010] Preferably, the pole shoes of adjacent teeth are
separated from each other by a slot opening, the two pole
shoes comprise a shorter pole shoe and a longer pole
shoe, and the inner surface of the shorter pole shoe forms
a chamfer adjacent the slot opening.

[0011] Preferably, the slot opening or magnetic bridge
is offset from a symmetrical center of corresponding two
adjacent teeth by an electric angle of 45 to 135 degrees.
[0012] Preferably, the stator core is formed by joining
a plurality of stator core units along a circumferential di-
rection of the stator, each of the stator core units com-
prises a tooth with its pole shoe, and a yoke segment
connected to the tooth, and the yoke segments of the
adjacent stator core units are connected together to form
the yoke of the stator core.

[0013] Preferably, for each of the stator core units, one
end of the tooth is connected to one end of the yoke
segment or connected to the yoke segment between two
ends of the yoke segment.

[0014] Preferably, the yoke isaring yoke, and the teeth
and the ring yoke are separately formed.

[0015] Preferably, the teeth includes a first tooth and
a second tooth, the pole face of the first tooth forms a
first arc surface with a first positioning groove defined
therein, the pole face of the second tooth forms a second
arc surface with a second positioning groove defined
thereon, and the first arc surface and the second arc sur-
face are opposed to each other with the receiving cham-
ber formed there between.

[0016] Preferably, the first tooth and the second tooth
form there between a first slot opening /magnetic bridge
and a second slot opening/magnetic bridge at opposite
sides of the rotor, and the first slot opening/magnetic
bridge and the second slot opening/ magnetic bridge are
symmetrical about an axis of the rotor.

[0017] Preferably, an angle of 60 to 65 degrees is
formed between a connecting line connecting a center
of the first slot opening/magnetic bridge and a center of
the rotor and an extension direction of the tooth body of
the first tooth.

[0018] Preferably, two circumferential ends of the first
arc surface respectively form a first cutting surface and
a second cutting surface, two circumferential ends of the
second arc surface respectively form a third cutting sur-
face and a fourth cutting surface; the first cutting surface
and the third cutting surface are opposed to each other
and define the first slot opening there between, and the
second cutting surface and the fourth cutting surface de-
fine the second slot opening there between, an acute
angle being formed between the cutting surfaces and a
center line of the tooth body of the first or second tooth.
[0019] Preferably, aline connecting the first positioning
groove and the second positioning groove coincides with
center lines of the tooth bodies of the first tooth and the
second tooth.

[0020] Preferably, the single phase motor is a single
phase permanent magnetdirect current brushless motor.
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[0021] Inanotheraspect, the presentinvention provide
an electric apparatus comprising the above described
fluid generating device. The fluid generating device is
preferably an air flow generating device. The electric ap-
paratus may be a hand dryer, a hair dryer, a vacuum
cleaner or an air blower and so on.

[0022] The fluid generating device of the present in-
vention uses a single phase motor which has an even air
gap and small slot opening/magnetic bridge, which can
reduce the cogging torque of the motor and noise of the
motor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

Fig. 1 is a simplified schematic view of a fluid gen-
erating device of the present invention.

Fig. 2 illustrates a single phase brushless motor ac-
cording to a preferred embodiment of the present
invention.

Fig. 3 illustrates the single phase brushless motor of
Fig. 2, with the outer housing removed.

Fig. 4 illustrates the single phase brushless motor of
Fig. 2, with the outer housing, stator winding, rotary
shaft of the rotor removed.

Fig. 5 illustrates the stator core of the single phase
brushless motor of Fig. 2.

Fig. 6 illustrates the rotor core and its permanent
magnet of the single phase brushless motor of Fig. 2.

Fig. 7 illustrates a distribution of magnetic line of the
rotor permanent magnetic pole of the single phase
permanent magnet motor of the present invention.

Fig. 8 illustrates a stator core of a single phase per-
manent magnet motor according to a second em-
bodiment of the present invention.

Fig. 9 illustrates a rotor core and its permanent mag-
net according to the second embodiment of the
present invention.

Fig. 10illustrates a stator core of a single phase per-
manent magnet motor according to a third embodi-
ment of the present invention.

Fig. 11 illustrates a stator core of a single phase per-
manent magnet motor according to a fourth embod-
iment of the present invention.

Fig. 12illustrates a stator core of a single phase per-
manent magnet motor according to a fifth embodi-
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ment of the present invention.

Fig. 13 illustrates a single phase brushless motor
according to a sixth embodiment of the present in-
vention.

Fig. 14 illustrates the single phase brushless motor
of Fig. 13, with the stator housing removed.

Fig. 15is an exploded view of the stator of the single
phase brushless motor of Fig. 13.

Fig. 16 illustrates the single phase brushless motor
of Fig. 13, with a winding bracket, a first insulating
lining and a second insulating lining being removed.

Fig. 17 illustrates a stator core of the single phase
brushless motor of Fig. 1.

Fig. 18 illustrates a fluid generating device according
to another embodiment of the present invention.

Fig. 19 illustrates the fluid generating device of Fig.
18, with a diffuser being removed.

Fig. 20 illustrates a diffuser of the fluid generating
device of Fig. 18.

Fig. 21 is a sectional view of the fluid generating de-
vice of Fig. 18.

Fig. 22 illustrates the fluid generating device of the
presentinvention which is utilized in a vacuum clean-
er.

Fig. 23 illustrates the fluid generating device of the
present invention which is utilized in a hand dryer.

Fig. 24 illustrates the fluid generating device of the
present invention which is utilized in a hair dryer.

Fig. 25 illustrates the fluid generating device of the
present invention which is utilized in an air blower.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0024] Itshould be noted that the figures are not drawn
to scale and that elements of similar structures or func-
tions are generally represented by like reference numer-
als for illustrative purposes throughout the figures. It also
should be noted that the figures are only intended to fa-
cilitate the description of the preferred embodiments. The
figures do not illustrate every aspect of the described
embodiments and do not limit the scope of the present
disclosure.
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First Embodiment

[0025] Referring to Fig. 1, a fluid generating device of
the present invention includes a single phase motor 10
and an impeller 100 connected to a power output end of
the single phase brushless motor. The motor 10 can drive
the impeller 100 directly through its output shaft. Alter-
natively, the motor is decelerated by a speed reduction
mechanism before driving the impeller 100.

[0026] Referring to Fig. 2 to Fig. 6, a single phase per-
manent magnet motor 10 in accordance with the firstem-
bodiment of the present invention includes a stator 20
and a rotor 50 rotatable relative to the stator.

[0027] The stator 20 includes a cylindrical outer hous-
ing 21 with one open end, an end cap 23 mounted to the
open end of the outer housing 21, a stator core 30 mount-
ed in the outer housing 21, an insulating bracket 40
mounted to the stator core 30, and a stator winding 39
wound around the stator core and supported by the in-
sulating bracket 40. The stator core 30 includes an outer
ring portion 31, a plurality of teeth 33 extending inwardly
from the outer ring portion 31. Each tooth 33 comprises
a tooth body 34 and two pole shoes 35 extending respec-
tively from a distal end of the tooth body 34 to two cir-
cumferential sides of the tooth body 34. The stator wind-
ing 39 is preferably wound around the respective teeth
body 34. Alternatively, the winding 39 may be wound
around the outer ring portion 31. A winding slot is formed
between each two adjacent teeth 33, and a slot opening
37 is formed between the pole shoes 35 of two adjacent
teeth 33. Preferably, the slot opening 37 is offset from a
middle position between the two adjacent teeth (i.e. clos-
er to one tooth and farther from the other) to position the
rotor at an initial state. It should be understood that the
pole shoes 35 of the adjacent teeth 33 may also be con-
nected through a magnetic bridge, as shown in Fig. 12.
The slot opening 37 or magnetic bridge 327 has a large
magnetic reluctance, thereby reducing magnetic leakage
atthe slot opening 37 or magnetic bridge 327 by avoiding
or reducing magnetic flux through the slot opening 37 or
magnetic bridge 327.

[0028] The stator core 30 is made from a magnetic-
conductive material. For example, the stator core 30 is
formed by stacking magnetic laminations (silicon lami-
nations commonly used in the industry) along an axial
direction of the motor. Preferably, the teeth 33 of the sta-
tor core 30 are spacingly and uniformly arranged along
the circumferential direction of the motor. Each tooth 33
extends substantially radially inward from the outer ring
portion 31. The pole shoes 35 extend from the radial inner
end of the tooth body 34 to two circumferential sides of
the tooth body 34.

[0029] Preferably, the pole shoe 35 has a radial thick-
ness gradually decreasing in a direction from the tooth
33 toward the slot opening, such that a magnetic reluc-
tance of the pole shoe 35 gradually increases in the di-
rection from the tooth 33 toward the slot opening. This
design can achieve more stable motor operation and im-
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proved startup reliability.

[0030] Therotor50isreceivedinaspace cooperatively
defined by the pole shoes 35 of the teeth. The rotor 50
includes annular permanent magnetic poles 55 disposed
along a circumferential direction of the rotor. An outer
circumferential surface of the annular permanent mag-
netic poles 55 is concentric with an inner circumferential
surface of the pole shoes 35, thus defining an even air
gap 41 between the two. Specifically, the inner surface
of the pole shoes is located on a circle centered at the
center of the rotor 50 in an axial plane view. An outer
surface 56 of the annular permanent magnetic poles is
a cylindrical surface located on a circle centered at the
center of the rotor 50. That is, the inner circumferential
surface of the pole shoes is concentric with the outer
circumferential surface of the permanent magnetic poles
55, thus defining the substantially even air gap between
the inner circumferential surface of the pole shoes and
the outer circumferential surface of the permanent mag-
netic poles. Preferably, the slot opening 37 has a width
greater than zero and less than or equal to four times of
a thickness of the even air gap 41. This configuration can
make startup and rotation of the motor smoother, improve
the startup reliability of the motor, and reduce the startup
dead point. The ring portion as used in this disclosure
refers to a closed structure formed by extending contin-
uously along the circumferential direction. The thickness
of the even air gap 41 refers to a radial thickness of the
air gap.

[0031] Referringto Fig. 6, the annular permanent mag-
netic poles 55 may be formed by a single annular per-
manent magnet. In addition, the rotor 50 further includes
arotary shaft 51 passing through the annular permanent
magnetic poles 55. One end of the rotary shaft 51 is
mounted to the end cap 23 through a bearing 24, and
the other end is mounted to a bottom of the cylindrical
outer housing 21 of the stator through another bearing,
such that the rotor is capable of rotation relative to the
stator.

[0032] Inthis embodiment, the rotor 50 further includes
a rotor core 53. The rotary shaft 51 passes through a
center of the rotor core 53 and is fixed to the rotor core
53. The annular permanent magnet is mounted to an
outer circumferential surface of the rotor core 53. The
outer circumferential surface of the rotor core is formed
with a plurality of axially-extending grooves 54. Each
groove 54 is disposed at a junction of two adjacent per-
manent magnetic poles to reduce magnetic leakage.
[0033] Inthis embodiment, the slot opening 37 is offset
from a symmetrical center between the two adjacent
tooth bodies 34, i.e. each slot opening 37 is spaced from
the two adjacent tooth bodies by different distances. That
is, aline L2 passing the center of the slot opening 37 and
the center of the rotor and a symmetrical center line L1
of the adjacent tooth bodies 34 form an angle B therebe-
tween. Because the slot opening 37 is offset from the
symmetrical center of the two adjacent teeth, the two pole
shoes extending from the distal end of the tooth body 34
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to circumferential sides of each tooth have a different
circumferential length. An inner surface of the shorter
pole shoe forms a chamber 38 adjacent the slot opening.
The presence of the chamfer 38 can further reduce the
area of the shorter pole shoe, which further increases
the degree of nonuniformity between the two pole shoes
and hence further causes the initial position of the rotor
to be offset from the dead point.

[0034] Fig. 7 illustrates a distribution of magnetic line
of the rotor permanent magnetic pole when the stator
winding is not energized, i.e. at the initial position. As
shown in Fig. 7, the rotor includes four permanent mag-
netic poles, with N and S polarities alternatively arranged.
The stator includes four teeth forming four stator poles.
As can be seen from Fig. 7, when the motor is at the
initial position, the magnetic lines passing through the
larger area pole shoe are obviously more than the mag-
netic lines passing through the smaller area pole shoe.
A central radial line L4 of the rotor magnetic pole 55 is
offset from a central radial line L3 of the stator pole by
an angle, and the angle Q formed between the line L3
and the line L4 is called a startup angle. Preferably, the
startup angle Q is equal to the angle B. In this embodi-
ment, the startup angle is greater than a 45-degree elec-
tric angle and less than a 135-degree electric angle.
When the stator winding of the motor is supplied with an
electric current with one direction, the rotor 50 can be
started along one direction. When the stator winding of
the motor is supplied with an electric current with an op-
posite direction, the rotor 50 can be started along an op-
posite direction. It should be understood that, when the
startup angle is a 90-degree electric angle, the rotor 50
can be easily started in both directions, i.e. itis the easiest
angle to achieve bidirectional startup. When the startup
angle is offset from the 90-degree electric angle, the rotor
is easier to start in one direction than in the opposite
direction. It has been found from a large number of ex-
periments that, when the startup angle is in the range of
45-degree to 135-degree electric angle, the startup of
the rotor in both directions has good reliability.

Second Embodiment

[0035] Referring to Fig. 8, different from the first em-
bodiment, in order to increase the winding efficiency of
the stator winding 39, the stator core of the second em-
bodiment includes a plurality of stator core units 300
joined along a circumferential direction of the stator. Each
stator core unit 300 includes a tooth 303 with a pole shoe
305, and a yoke segment 301 integrally connected with
the tooth 303. The yoke segments 301 of adjacent stator
core units are connected together to form the outer ring
portion of the stator core. It should be understood that,
each stator core unit may also include more than one
tooth 303 and corresponding pole shoes 305. After the
winding process of all stator core units is completed, the
stator core units 300 are joined, thus achieving the stator
core with the stator winding. In this embodiment, each
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stator core unit 300 includes one tooth 303 and its cor-
responding pole shoe 305, and in each stator core unit
300, one end of the tooth 303 is connected to the yoke
segment 301 between two ends thereof.

[0036] In this embodiment, the yoke segments 301 of
the adjacent stator core units can be fixedly coupled with
each other by welding and/or via a conventional mechan-
ical connection structure. Fig. 7 shows an exemplary me-
chanical connection structure which includes a protru-
sion 304 engaged inarecess 302. Specifically, each yoke
segment 301 of the outer ring portion has a recess 302
formed at one end thereof and a protrusion 304 at the
other end thereof. The protrusion 304 of each segment
301 is engaged in the recess 302 of a corresponding
adjacent segment 301.

[0037] Because the stator core is formed by joining
multiple stator core units 300, the slot opening between
the adjacent pole shoes 305 can have a very small width.
Preferably, a minimum width of the slot opening is greater
than zero and less than or equal to three times of a min-
imum thickness of the air gap. More preferably, the min-
imum width of the slot opening of the winding slot is great-
er than zero and less than or equal to twice of the mini-
mum thickness of the air gap. In this embodiment, the
width of the slot opening refers to the distance between
the two adjacent pole shoes 305.

[0038] Referring to Fig. 9, the rotor 60 of this embodi-
ment includes a rotor core 63 and permanent magnetic
poles 65 arranged along the circumferential direction of
the rotor core 63. The permanent magnetic poles 65 are
formed by a plurality of permanent magnets 66, for ex-
ample four permanent magnets. The permanent mag-
nets 66 are mounted to an outer circumferential surface
of the rotor core 63. Likewise, the outer circumferential
surface of the rotor core 63 is formed with a plurality of
axially-extending grooves 64. Each groove 64 is dis-
posed at a junction of adjacent two permanent magnets
66 to reduce magnetic leakage. Preferably, the inner cir-
cumferential surfaces (called as pole faces) of the pole
shoes are located on a circle centered at the center of
the rotor 60, and outer surfaces of the permanent mag-
nets 66 are located on a circle centered at the center of
the rotor 60. As such, the outer surfaces of the permanent
magnets 66 are concentric with the inner surfaces of the
pole shoes, whereby a substantially even air gap is
formed between the pole shoes and the permanent mag-
netic poles. The reason of the term "substantially even
air gap" is that, a major part of the air gap is even except
for those parts corresponding to the chamfers of the per-
manent magnetic poles, gaps between adjacent magnet-
ic poles, chambers of the pole shoes, and the slot open-
ings between adjacent pole shoes.

Third Embodiment
[0039] ReferringtoFig. 10, in this embodiment, the sta-

tor core likewise includes a plurality of stator core units
310 joined along the circumferential direction of the sta-
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tor. Each stator core unit 310 includes a tooth 313 with
a pole shoe 315, and a yoke segment 311 integrally con-
nected with the tooth 313. The yoke segments 311 of
adjacent stator core units are connected together to form
the outer ring portion of the stator core. It should be un-
derstood that, each stator core unit may also include
more than one tooth 313 and corresponding pole shoes
315. After the winding process of all stator core units is
completed, the stator core units 300 are joined, thus
achieving the stator core with the stator winding. In this
embodiment, each stator core unit 310 includes one tooth
313 and its corresponding pole shoe 315, and in each
stator core unit 310, one end of the tooth 313 is connected
to the yoke segment 311 between two ends thereof.
[0040] Inthisembodiment, the joining faces of the yoke
segments 311 of the adjacent stator core units are plane
faces, and the adjacent yoke segments 311 can be as-
sembled together directly by welding or in another man-
ner. Preferably, in order to achieve better end to end con-
tact between the adjacent arcuate yoke segments, the
ends of the yoke segments 311 of the adjacent stator
core units are provided with interengagement chamfers.
Specifically, the two ends of the yoke segment 311 of
each stator core unit may be respectively provided with
a first chamfer 312 and a second chamfer 314 that are
in close contact with each other.

[0041] Because the stator core is formed by joining
multiple stator core units 310, the winding process can
be performed before the joining process and, therefore,
the slot opening between the adjacent pole shoes 315
can have a very small width. Preferably, a minimum width
of the slot opening is greater than zero and less than or
equal to three times or twice of a minimum thickness of
the air gap.

[0042] In the single phase permanent magnet motor
of this embodiment, the slot opening is formed between
adjacent pole shoes of two adjacent teeth and is offset
from one of the two teeth. Therefore, the startup angle
and cogging torque required for the startup of the single
phase permanent magnet motor are adjusted by adjust-
ing the location and size of the slot opening, without the
need of additional positioning slots or positioning holes
formed at the pole faces of the pole shoes. For example,
the startup angle is adjustable by adjusting the degree
of offset of the slot opening from one of the teeth. When
the startup angle is in the range of 45-degree to 135-
degree electricangle, the rotor of the motor can be started
in both directions, which makes the startup reliable.

Fourth Embodiment

[0043] Referring to Fig. 11, likewise, the stator core of
this embodiment is of a separate-type structure in order
to increase the winding efficiency of the stator winding.
Specifically, the teeth 323 and associated pole shoes
325 are integrally formed into a single integral structure,
while the teeth 323 and the outer ring portion 321 are
separate structures, i.e. the outer ring portion 321 and
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the teeth 323 are separately formed and then assembled
together. The joining faces of the teeth 323 and the outer
ring portion 321 can be plane faces or recess-protrusion
engaging faces 322, 324. It should be understood that
each tooth 323 may be fixedly connected to the outer
ring portion 321 by welding or various mechanical con-
necting manners (e.g. a dovetail joint). In an alternative
embodiment, the teeth 323, outer ring portion 321 and
the associated pole shoes 325 are all separately formed,
and the teeth 323 are fixedly connected to the outer ring
portion 321 and the pole shoes 325 after the stator wind-
ing 39 is wound.

[0044] The single phase brushless motor of this em-
bodiment uses annular permanent magnetic poles, and
the inner surfaces of the pole shoes of the stator core
are located on a circle centered at the center of the rotor
in the axial plane view, thus better forming the even air
gap and reducing the vibration and noise due to the slot
openings in the prior art. In addition, the width of the slot
opening is greater than zero and less than or equal to
four times of the thickness of the even air gap, or further,
the minimum with of the slot opening is less than or equal
to two times of the even air gap, such that the motor can
have a greater torque density and the magnetic leakage
can be reduced. The stator core is of a separate-type
structure, which facilitates the winding process and
hence effectively improves the winding efficiency.

Fifth Embodiment

[0045] Referring to Fig. 12 to Fig. 15, a single phase
motor 11 in accordance with another embodiment is il-
lustrated. The motor 11 includes a stator and a rotor. The
stator includes a stator housing, a stator core 48, stator
windings 49 wound around the stator core 48, and a con-
trol circuit board 58 mounted to one end of the stator.
The stator housing includes two half housing portions 36,
32. Each half housing portion includes a cylindrical
sleeve, a hub 25 disposed at an outer end of the cylin-
drical sleeve, and a plurality of spokes 28 connected be-
tween the cylindrical sleeve and the hub 25. A bearing
27 is mounted in the hub 25. The stator core 48 is mount-
ed to an inner wall surface of the cylindrical sleeve. In
this embodiment, the single phase motor 11 is a single
phase permanent magnet direct current brushless motor
11.

[0046] The rotor includes a rotary shaft 61 and a per-
manent magnet 67 (see Fig. 16) fixed to the rotary shaft.
A thickness of the permanent magnet 67 is 0.4 to 0.48
times an outer diameter of the rotor. Opposite ends of
the rotary shaft 61 extend through the hubs 25 of the two
half housing portions 36, 32 and are supported by the
bearings 27 mounted in the hubs 25, respectively.
[0047] Referring to Fig. 14 and Fig. 15, an insulating
bracket 47 is disposed between teeth 52, 57 of the stator
core 48 and the stator windings 49. Two insulating linings
45 are disposed between an outer ring portion (i.e. yoke)
of the stator core 48 and the two stator windings 49, re-
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spectively, for isolating the stator windings 49 from the
stator core 48. In this embodiment, the insulating lining
45 is attached to an inner surface of the outer ring portion
of the stator core 48 and has a through hole for allowing
the corresponding tooth 52 or 57 to pass there through.
[0048] Referring to Fig. 16 and Fig. 17, the stator core
48 consists of a first half core portion and a second half
core portion. Joining faces of the first half core portion
and the second half core portion are provided with re-
cess-protrusion engagement structures. The first half
core portion includes a first half yoke portion 59 and a
first tooth 52 extending from the first half yoke portion 59
toward a center of the stator core. The second half core
portion includes a second half yoke portion 75 and a sec-
ond tooth 57 extending from the second half yoke portion
75 toward the center of the stator core. The first half yoke
portion 59 and the second half yoke portion 75 cooper-
atively form the outer ring portion or ring-shaped yoke.
[0049] The first tooth 52 and second tooth 57 have a
width W1 perpendicular to the extension direction of the
first tooth 52, and the width W1 is 1.4 to 1.6 times an
outer diameter D1 of the rotor. The outer ring portion has
a thickness W2 along a radial direction of the stator, and
the thickness W2 of the outer ring portion is 0.5 to 0.7
times the outer diameter D1 of the rotor. The inner surface
(pole face) of the two pole shoes of the first tooth 52
includes a first arc surface 52a with a first positioning
groove 52b formed therein. The inner surface (pole face)
of the two pole shoes of the second tooth 57 includes a
second arc surface 57a with a second positioning groove
57b formed therein. The first positioning groove 52b and
the second positioning groove 57b are opposed to each
other along a diametrical direction of the rotor, for con-
trolling the initial position of the rotor relative to the stator
when the stator winding is deenergized. A stop position
or an initial position of the rotor can be adjusted by ad-
justing the positions of the positioning grooves 52b, 57b.
The first arc surface 52a and the second arc surface 57a
are opposed to each other to form a receiving cavi-
ty/chamber there between in which the permanent mag-
net 67 is received. The permanent magnet 67 forms two
permanent magnetic poles for interacting with the first
teeth 52 and the second tooth 57. A substantially even
air gap 68 is formed between the outer circumferential
surface of the permanent magnetic poles of the rotor and
the pole faces 52a, 57a of the stator. The reason of the
term "substantially even air gap" is that, a major part of
the air gap is even except for those parts corresponding
to the positioning grooves 52b, 57, chamfers of the mag-
netic poles and chamfers of the pole shoes. A thickness
of the even air gap 68 is 0.26 to 0.34 times the thickness
of the permanent magnet 67.

[0050] A sensor 69 such as a Hall sensor is connected
to the circuit board 58 (Fig. 12) through terminals, for
detecting the rotational position of the permanent magnet
67.

[0051] The stator windings 49 are preferably wound
around the first tooth 52 and the second tooth 57. In par-
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ticular, the winding bracket 47 includes a hollow first
mounting arm 48a and a hollow second mounting arm
48b extending toward ends of the first tooth 52 and the
second tooth 56, respectively. The first tooth 52 extends
into the first mounting arm 48a, and the second tooth 56
extends into the second mounting arm 48b. Each stator
winding 49 is wound around an exterior of a correspond-
ing one of the first mounting arm 48a and the second
mounting arm 48b, i.e. the stator windings 49 and the
first tooth 52 / the second tooth 57 are spaced by the first
mounting arm 48a and the second mounting arm 48b,
respectively. Upon being energized, the stator windings
49 can produce two magnetic circuits that pass through
the rotor.

[0052] The first tooth 52 and the second tooth 57 form
there between a first slot opening/ magnetic bridge 73
and a second slot opening/ magnetic bridge 74 with great
magnetic reluctance at opposite sides of the permanent
magnet 67, respectively. In this embodiment, the first
tooth 52 and the second tooth 57 form there between slot
openings 73 and 74. Specifically, two circumferential
ends of the first arc surface 52a form afirst cutting surface
52c¢ and a second cutting surface 52d, respectively; two
circumferential ends of the second arc surface 57a form
a third cutting surface 57c¢ and a fourth cutting surface
57d. The first cutting surface 52c and the third cutting
surface 57c¢ are spaced and face each other so as to
formed the slot opening 73 there between, and the sec-
ond cutting surface 52d and the fourth cutting surface
57d are spaced and face each other so as to form the
slot opening 74 there between. The slot openings 73, 74
are inclined related to the extension direction of the
first/second tooth, that is, an acute angle is formed be-
tween the extension direction of the slot opening and the
extension direction of the first/second tooth.

[0053] A distance between the first cutting surface 52c
and the third cutting surface 57cis 0.09 to 0.13 times the
outer diameter D1 of the rotor, and a distance between
the second cutting surface 52d and the fourth cutting sur-
face 57d is also 0.09 to 0.13 times the outer diameter D1
of the rotor.

[0054] A connecting line L5 connecting centers of the
slot openings 73, 74 and the rotor center and an exten-
sion direction L6 of the first tooth 52 form there between
an angle Q of 60 to 65 degrees. More preferably, the
connecting line connecting the centers of the slot open-
ings 73, 74 and the extension direction of the second
tooth 57 form an angle of 60 to 65 degrees. The slot
openings 73, 74 are substantially the same in size and
are symmetrical about the center of rotation of the rotor.
[0055] Thefirstarc surface 52a has the first positioning
groove 52b, and the second arc surface 57a has the sec-
ond positioning groove 57b. An opening of the first posi-
tioning groove 52b faces toward the permanent magnet
67, and an opening of the second positioning groove 57b
faces toward the permanent magnet 67. A width of the
opening of the first positioning groove 52b and the second
positioning groove 57b is 0.24 to 0.28 times the outer
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diameter D1 of the rotor. The term "width of the opening"
as used herein refers to a size of the first positioning
groove 52b and the second positioning groove 57b along
a circumferential direction of the permanent magnet. A
depth of the first positioning groove 52b into the first tooth
52 and a depth of the second positioning groove 57b into
the second tooth 56 are both 0.015 to 0.035 times the
outer diameter D1 of the rotor. Preferably, a line connect-
ing the first positioning groove 52b and the second posi-
tioning groove 57b coincides with center lines of the first
tooth 52 and the second tooth 57.

[0056] Fig. 18 illustrates a fluid generating device 80
which employs any one of the above-described single
phase motors. The fluid generating device 80 further in-
cludes a centrifugalimpeller 81 mounted on a rotary shaft
of the single phase motor, a diffuser 82 cooperating with
the centrifugal impeller 81, and a diffuser accessory 83
cooperating with the diffuser 82.

[0057] Referring to Fig. 19, the centrifugal impeller 81
includes a front cover plate 91 and a rear cover plate 93
that are spaced apart by a preset distance. The centrif-
ugal impeller 81 further includes a plurality of blades 95
mounted between the front and rear cover plates 91, 93.
Air passages are formed between adjacent blades 95.
The air passages have an inlet at a center of the centrif-
ugal impeller 81 and an outlet along an outer periphery
of the centrifugal impeller 81.

[0058] Referring to Fig. 20 and Fig. 21, the diffuser 82
includes a tubular outer housing 91, and a partition plate
93 mounted within the tubular outer housing 91. The par-
tition plate 93 has a through bore 94 for allowing the rotary
shaft of a motor 11 to pass there through. The partition
plate 93 further includes a plurality of screw holes 95 for
allowing screws 96 to pass there through to mount the
diffuser to the motor 11. In this case, the tubular outer
housing 91 surrounds the motor 11.

[0059] The diffuser 82 includes a plurality of diffusing
vanes 99 connected to the tubular outer housing 91 and
the partition plate 93. A diffusing channel 97 is formed
between each two adjacent diffusing vanes 99. An inlet
end of the diffusing channels 97 is in flow communication
with the outlet of the centrifugal impeller 81. In this em-
bodiment, the diffusing channels 97 passes through the
partition plate 93 to guide the fluid to the diffuser acces-
sory 83.

[0060] Fig. 22 illustrates a vacuum cleaner 210 which
includes the above described single phase motor 10, 11
or the above described fluid generating device 80. In this
embodiment, the vacuum cleaner 210 adopts known
structures and therefore is not described herein in further
detail.

[0061] Fig. 23 illustrates a hand dryer 220 which in-
cludes the above described single phase motor or the
above described fluid generating device. In this embod-
iment, the hand dryer 210 adopts known structures and
therefore is not described herein in further detail.
[0062] Fig. 24 illustrates a hair dryer 230 which in-
cludes the above described single phase motor or the
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above described fluid generating device. In this embod-
iment, the hair dryer 230 adopts known structures and
therefore is not described herein in further detail.
[0063] Fig. 25 illustrates an air blower 240 which in-
cludes the above described single phase motor or the
above described fluid generating device. In this embod-
iment, the air blower 240 adopts known structures and
therefore is not described herein in further detail.
[0064] Although the invention is described with refer-
ence to one or more preferred embodiments, it should
be appreciated by those skilled in the art that various
modifications are possible. For example, the single
phase motor may also be a permanent magnet synchro-
nous motor in other embodiments. Therefore, the scope
of the invention is to be determined by reference to the
claims that follow.

Claims
1. A fluid generating device comprising:
a single phase motor comprising:

astator comprising a stator core and a stator
winding wound around the stator core, the
stator core comprising a yoke, a plurality of
teeth extending inwardly from the yoke, a
pole face formed at a distal end of each of
the teeth and extending along a circumfer-
ential direction of the motor;

a rotor rotatable relative to the stator, the
rotor being received in a receiving chamber
surrounded by the pole faces, the rotor com-
prising a plurality of magnetic poles con-
fronting the pole faces of the stator, outer
surfaces of the magnetic poles of the rotor
and the pole faces of the stator being coaxial
with each other to thereby form there be-
tween a substantially even air gap; and

an impeller being driven by the rotor to generate
a fluid flow.

2. The fluid generating device of claim 1, wherein the
pole faces of adjacent teeth are separated by a slot
opening, and the slot opening has a width less than
or equal to fourth times of a thickness of the air gap.

3. The fluid generating device of claim 1 or 2, wherein
each tooth comprises a tooth body extending from
the yoke and a pair of pole shoes extending respec-
tively from a distal end of the tooth body in two op-
posite circumferential directions of the rotor.

4. The fluid generating device of claim 3, wherein the
pole shoe has a radial thickness gradually decreas-
ing in a direction away from the tooth body.
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The fluid generating device of claim 3, wherein the
pole shoes of adjacent teeth are separated from
each other by a slot opening or connected together
by a magnetic bridge, the slot opening or magnetic
bridge is offset from a symmetrical center between
the two adjacent teeth bodies.

The fluid generating device of claim 5, wherein the
pole shoes of adjacent teeth are separated from
each other by a slot opening, the two pole shoes
comprise a shorter pole shoe and a longer pole shoe,
and the inner surface of the shorter pole shoe forms
a chamfer adjacent the slot opening.

The fluid generating device of claim 5, wherein the
slot opening or magnetic bridge is offset from a sym-
metrical center of corresponding two adjacent teeth
by an electric angle of 45 to 135 degrees.

The fluid generating device of claim 1, wherein the
teeth includes a first tooth and a second tooth, the
pole face of the first tooth forms a first arc surface
with a first positioning groove defined therein, the
pole face of the second tooth forms a second arc
surface with a second positioning groove defined
thereon, and the first arc surface and the second arc
surface are opposed to each other with the receiving
chamber formed there between.

The fluid generating device of claim 8, wherein the
first tooth and the second tooth form there between
a first slot opening/magnetic bridge and a second
slot opening /magnetic bridge at opposite sides of
the rotor, and the first slot opening/magnetic bridge
and the second slot opening/magnetic bridge are
symmetrical about an axis of the rotor.

The fluid generating device of claim 9, wherein an
angle of 60 to 65 degrees is formed between a con-
necting line connecting a center of the first slot open-
ing/ magnetic bridge and a center of the rotor and
an extension direction of the tooth body of the first
tooth.

The fluid generating device of claim 8, wherein two
circumferential ends of the first arc surface respec-
tively form a first cutting surface and a second cutting
surface, two circumferential ends of the second arc
surface respectively form a third cutting surface and
a fourth cutting surface; the first cutting surface and
the third cutting surface are opposed to each other
and define the first slot opening there between, and
the second cutting surface and the fourth cutting sur-
face define the second slot opening there between,
an acute angle being formed between the cutting
surfaces and a center line of the tooth body of the
first or second tooth.
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12.

13.

14.

15.

The fluid generating device of claim 8, wherein a line
connecting the first positioning groove and the sec-
ond positioning groove coincides with center lines of
the tooth bodies of the first tooth and the second
tooth.

The fluid generating device of claim 1, wherein the
single phase motor is a single phase permanent
magnet direct current brushless motor or a single
phase permanent magnet brushless synchronous
motor.

An electric apparatus comprising a fluid generating
device of any one of claims 1 to 13.

The electric apparatus of claim 14, wherein the elec-
tricapparatus is a hand dryer, a hair dryer, a vacuum
cleaner or an air blower.
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